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Slide 1-Head and spinal injury (cover 
slide) 

*We are now at the point of secondary 
survey information, starting from the head, 
working our way down through the body to 
identify not only the primary survey, but 
also the secondary survey injuries and how 
we manage them in the injured patient 
*Keep in mind that trauma is very common 
in South Africa therefore, every single 
doctor needs to have the basic 
understanding of how to manage the 


injured patient 


Background 


25-30% of trauma mortality from 
head / spinal injury: Primary brain 
injury - prevention 
Time to definitive care is critical for 
drainable lesions 
Secondary brain injury = iatrogenic 
Rehabilitation is limited 
Basics make the difference! 
Hypoxia and hypotension >150% 
_ mortality rate SSS 
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*25-30% of all the mortalities in trauma 
patients, both at the scene and in hospital, will 
result from head or spinal injury and 
particularly spinal cord injury. 

*Primary brain injury is a deal that needs 
prevention 

*No trauma surgeon can prevent that from 
happening 

*This is an aspect that each and every doctor 
must place as a priority in your practice. It is 
certainly part of the community practice 
environment. 

*Importantly too, that the time to definitive 
care, in other words, the neurosurgical 
intervention is critical when you have 
drainable lesions. 

*We are responsible as healthcare 
practitioners for secondary brain injury = 


iatrogenic. 


*Access to rehabilitation in SA is somewhat 
limited - there is outpatient physiotherapy, 
occupational therapy, speech therapy 
available but many of the patients with head 
and spinal cord injuries do not have the 
privilege of access to and transport to and 
from outpatient facilities 

*Therefore, if we don't prevent the injuries in 
the first place and manage the injuries 
correctly and minimize the morbidity in the 
second place, then the access to 
rehabilitation becomes more limited and the 
patients outcomes become worse. 

*And as you will see, basics make the 
difference. 

*Hypoxia and hypertension, if they occur in a 


patient with traumatic brain injury, increase 


the mortality prediction by a 150%. That 
basically means that if you do not look after 
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Approach 


e All patients with abnormal 
GCS have a head Injury till 
proven otherwise - don't 
blame alcohol or drugs unless 
you have excluded it! 


e All patients with head trauma 
have a risk of spinal injury 
(blunt), however /ess so with 
penetrating. 


e ATLS principles apply 


Slide 3-Approach 

*Importantly, one of the philosophies that you 
have to approach patients with is that any 
patient who is compromised in their level of 
consciousness, in other words, they have an 
abnormal Glasgow Coma score, has a head 
injury until proven otherwise. 

*The mistake people make is they blame 
alcohol, drugs, intoxication, concussion, etc. 
for the level of consciousness and 
unfortunately, this has resulted on a number of 
occasions, in significant brain injuries, many of 
which are treatable, being missed, or having a 


delay diagnosis 


*Additionally, it's important to remember that 


Airway 


Patent and protected 
-GCS <9/15 requires definitive airway 


the airway needs to be patent and protected 


*In the trauma scenario, a BEBUOVAGOMESCONE 


of patients with blunt trauma. (so when there's 


blunt trauma[|] Assume spinal injury) 

*it is advised that head blocks and a spider 
harness be used and not just a hard collar. 
*Also, if you are planning to transfer the patient 
make sure the bed is padded. 

*please do not use hard spine boards for long- 


term use 


*Ideally, the patients should be removed 
from the spine board within 15-20 minutes of 
hitting the hospital doors. 

*And at all times avoid hypoxia through a 
block the airway and hypercarbia again 
through a blocked airway, which would 
desaturate your patient and make them 
hypercarbic, thus raising their intracranial 


pressure, putting the brain cells at risk. 
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Breathing 


Must exclude / treat chest 
trauma 
-Avoid hypoxia & 
hypercarbia 
-Aim = pCO2 between BB 
45mmHg 


5 *Normocapnoeic ventilation 


PARTIAL PRESSURE OF CARBON DIOXIDE 


Keep normocapnia 


Vasodilation in Intracerebral steal 


Hypercapnia non-injured area phenomenon 


Hypocapnia Increase ischemic damage 


*it is important to exclude and treat chest 
trauma such as a haemothorax, pneumothorax, 
lung contusion, etc. 

*At the same time, avoiding hypoxia and 
hypercarbia 

*Because we know that if normocarbia 
(normal arterial CO2 pressure) exists, the 
patient will have brain perfusion as well as 
oxygenation. 

*If they become hypercapnic, there's 


vasodilatation leading to increased 


intracranial pressure.(High CO2 causes 


*And at the same time, this might require 
higher tidal volumes than what is used 
routinely in ventilation so here you may aim to 
start at 8 - 10mls/kg of tidal volume rather 
than 6 - 8 mls/kg. 


Circulation 


Avoid hypotension 
Aim: SBP >90mmHg or 
MAP>70mmHg Establish IV Access 
Stop the bleeding 
© Splint fractures 


Slide 6-Circulation 

*You do not want a hypotensive patient: 
systolic blood pressures certainly no less than 
90, or mean arterial pressures (the point of 
flow) of about 7OmmHg. 

*To achieve this, you might need to give the 
patient some IV fluids so establish IV access 
*modified ringers lactate is still the fluid of 


choice for the non-bleeding patient. (Non- 
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Disability 1/27 
Accurate GCS 


Spontaneous movement is NOT 
Mo! 
OBEY Command 

Eyes: 4 

Verbal: 5 

Motor: 6 


If you CT head then must 
CT neck tan! (In hlıınt 


Glasgow Coma Scale 


Eye opening Spontaneously 
response To speech 

To pain 

No response 


Oriented to time, place, and person 
Confused 

Inappropriate words 
Incomprehensible sounds 

No response 


-NWhU |[<NWA Y 


Obeys commands 

Moves to localized pain 

Hexion withdrawal from pain 
Abnormal flexion (decorticate) 
Abnormal extension (decerebrate) 
No response 


Total score: 


Best response 
Comatose client 
Totally unresponsive 


Slide 7-Disability - The Head Injury 

*The Glasgow Coma Score is a repeatable, 
essential tool that is used to gauge the 
response to the interventions that you have 
taken, as well as to detect deterioration. (ok) 
*Keep in mind that you're scoring the best 
response at all times. *And that if the eyes are 
swollen shut, you can only award a 1, but then 
in brackets behind it write “S” for swollen. 
*The same with the verbal score: If the patient 
is intubated, then you score 1 and put a “T” in 
brackets 

*Keep in mind too, that spontaneous movement 
is not the same thing as obeying commands. 
*And it's important to score correctly so that 
the repeatability of the score is there to guide 
management 

*If you think in blunt trauma of scanning the 


head because the Glasgow Coma Score is 


Monroe-Kelly Doctrine 


Point of no-return: herniation 
Pressures over 20mmHg (capillary flow 


affected). (Herniation occurs when pressure 


Normal lats = ICP normal 


*Monroe and Kelly have defined the 
intracranial space in the same way that we 
look at a compartment [] It's a compartment 
syndrome. 

*And at some point when the pressure in that 
compartment rises to a point of no return, the 
brain squeezes out of all the natural orifices 
like toothpaste. 

*This is called brain herniation or coning (point 
of no return) 

*Herniation occurs some way at pressures 
over 20mmHg. 

*Understand that this is the capillary flow 
pressure at which the capillaries are 
compressed and therefore brain becomes 
ischemic and swollen 

*But more importantly, there is a balance 
between brain tissue, cerebral spinal fluid, and 


blood volume within this closed calvarium. 
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ICP Monitorinc 


Brain tissue 
oxygen probe 


|| = Fiberoptic 
|| intraparenchymal 
` ICP monitor 


Slide 9-ICP monitoring - there are number 
of methods by which we can measure the 
intracranial pressure. 

*The BEST is the ventriculostomy 
otherwise known as an external 
ventricular drain (EVD). 

*This is what the neurosurgeons often place 
in the patients so that they can drain CSF to 
reduce the pressure. 

*The other options include some form of 
screw bolts, either with a tissue probe or 
with a ICP monitor - which then just give 
you a reflection of the actual intracranial 
pressure. 

*If the pressures are persistently high, 
consider the use of decompressive 
craniectomy to allow the brain to swell 


while it is healing. 


TBI severity (classifying head 


Slide 10-IBI severity 


*When one classifies head injuries, one looks 
at the degree of impaired level of 


consciousness - the Glasgow Coma score. 
*So a minor head injury is a Glasgow 


Coma score between 13 and 15 

*a moderate injury between 9 and 12 
*below 8/9 [] So, 3 - 8 is a severe brain 
injury 

*Why have we use this classification? The 


lower you go, there's an association with 


worst mortality (of course lol.) 
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Classification of Injuries 


eScalp lacerations: may bleed a lot 
(kids) 

eSkull fractures: Marker of IC-pathol 
(1/4) 

_ *Diffuse lesions 

1 - 


Slide 11-Classification of injuries 


*There's also an important distinction to be 


made between Mheadinjuriestand'2: 


*But NB as a general principle, traumatic 
brain injuries do not cause hypotension. 
*Skull fractures when they are present, 
maybe a marker of intracranial pathology 
*But remember, only 25% of patients with a 
Skull fracture have a significant brain injury 
that requires neurosurgical intervention 
*Furthermore, the brain injuries themselves 


are divided up into diffuse lesions and focal 


brain injury 


*The diffuse lesions are severe or minor: 
*minor ones known as concussions, where 


there is recovery of neurological function within 


the first couple of minutes to hours and there 
are no residual CT findings VERSUS the case of 
severe diffuse lesions, so-called MIANISS 


patients have a persistently low Glasgow Coma 
score and a fairly normal looking CT (damn ok). 


They may have some subarachnoid 
haemorrhages or small punctate bleeds, but to 
be able to truly define their injury an MRI is 


required, and this is not routinely available. 


*The focal brain injuries, on the other hand, are 
the ones that the neurosurgeon is interested in 
*The extra-durals, sub-durals and intracerebral 


Tiered treatment approach (N 
of traumatic brain injury) 


Tier 1: (Basics) 
Optimise ventilation and 
perfusion Identify and drain 
Surgical lesions 
Seizure prophylaxis 
Sedation and analgesia, 
Early enteral nutrition,and 
Appropriate thrombo- 
prophylaxis. 
Tier 2: (for persistently raised ICP) 
A. Mannitol / Hypertonic Saline / 
B.Hyperventilation (temporising 
till surgery) 
C. CSF Drainage using EVD 
Tier 3: Barbiturate coma or 


Decompressive craniectomy 
No role for Steroids - CRASH1 study __ 


Slide 12-Tiered treatment approach 
*Tier one is the basics: optimizing 
ventilation and therefore perfusion, 
identifying and draining the surgical lesions, 
providing seizure prophylaxis, sedation and 
analgesia to rest the brain along with early 
enteral nutrition, and appropriate thrombo- 


prophylaxis 


*Tier two for persistent raised 
intracranial pressure... 

would be osmo-therapy (in other words, 
drugs like 1. Mannitol or hypertonic saline) 
which increase the excretion of urine and 
thereby reduce the size of the brain (almost 
like squeezing out the extra water). 
2.Hyperventilation can be used as a 


temporizing measure in the patient who 


*Tier Three is induced comas using 
barbiturates or even the role of the 
decompressive craniectomy (removing part of 
the skull and leaving it out) usually burying it 
in the subcutaneous space in the abdominal 
wall and allowing the brain to swell upwards 
rather than down into the foramen magnum 


causing brain death 


*note that there is no role for steroids in the 
reduction of oedema from traumatic brain 
injury 

*It works for tumour surgery. It does not work 


in the context of trauma 


Basic interventions to 
Improve outcome 
This is TIER 1 in more 


detalls: 
Head up 30-45 degrees (first make sure 
1 C-spin e is cleared) 
Seizure prophylaxis (7 days only) 
Weight based: 20mg/kg — or 
= Valproate 
Stress ulcer prophylaxis 
Sucralphate 1G 6hrly NGT 
suspension Clear the neck and 
remove the collar Avoid 
constricting dressings 
Avoid hyperpyrexia = use 
paracetamol Feed early with 
prokinesis 
_ Sedation and Analgesia 


Slide 13-Basic interventions to improve 
outcome 

*This is the tier one in a bit more detail 
*Firstly, make sure that the C spine is cleared 
and then place the patient head up 30 - 45 


degrees. 


*Secondly, provide them with seizure 
prophylaxis because if they experience a 
seizure in the first 7 days post injury, there is 
an increase in the metabolic rate in the brain 
and thereby a higher rate of neuron loss. 

*It's important to place them on stress ulcer 
prophylaxis (sucralphate 1gram 6 hourly) 
*It's important to remove the collar if it's has 
been placed as soon as possible. 

*avoid constricting dressings around the neck 


which would compress the internal jugular 


*Keep the patient normothermic by giving 
intra-venous or nasal gastric paracetamol. 
*feed them early - add a prokinetic drugs 
such as METACLOPROMIDE till there is 


increased tolerance of the feed as they may 


Marshall 3 DAI with 
Intracerebral contusions 


NONE MUCH NEUROSURGEON CAN DO. 


Slide 14-CT SCAN 

*Showing a quite severe diffuse axonal 
injury with anterior contusions visible, as 
well as diffuse grey-white matter swelling 
*This is a Marshall 3, intracerebral 


contusion, diffuse axonal injury 
*Not much that the neurosurgeon can do 


for this patient. They will need intubation, 
ventilation & after 48 hours, we wake 
them up with the intention to see what 


neurological function has recovered. 


Extradural Haematoma 


Slide 15-Extradural Haematoma 


Slide 


Large SDH with ICH 


Slide 17-CT scan - Full house 


*This patient has so-called FUELLE MOUSE: 


underlying brain injury as well. (Extradural= 


arterial and no brain injury, subdural = veins 


and some brain injury since we closer to the 
brain) 

*One can see on the more posterior side a 
contusion, and you can compare the 
appearance of the contusion to the 
intracerebral haemorrhage, which is sitting in 
the vicinity of the temporal lobe, which 
suggests that there is a burst temporal lobe 


present 


lematoma Epidural | 


scent-Shaped e Convex/Le 
NS e Middle Mer 
holics e “Lucid Inte 


3anana 


Pe ne 1... Am = 7 > 
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SPINAL INJURY 


Slide 18-Spinal injury (cover slide) 
*Everybody focuses on the C spine [] 
It's the cord injury that has the worst 
outcomes, 

*But it is important to remember that 
the spinal column starts at C1 and ends 
at the sacrum and the whole spine is 


important 


Spinal Injury 


10-15% of patients with head injury | 

a spinal injury 

10-15% of patients with one spinal le 

injury will have another level of injul 
Examine the entire spine, not just tł 
Spine! 

Level determines prognosis 

Steroids have NO role!* 

Neurogenic versus spinal shock: 

difference 


*Guidelines for the Management 
of Acute Cervical Spine and Spinal 
Cord Injuries, Neurosurgery 2013 


Slide 19-Spinal injury 

*10 to 15% of patients with a head injury will 
have at bony spinal injury. 

*And of those who have a bony spinal injury, 
approximately 1 to 5% will have a spinal cord 
injury 

*Of patients with a bony spinal injury at one 
level, between 10 and 15% of patients will 
have a subsequent second bony injury. 
*Keeping in mind that either or both may cause 
injury to the spinal cord. 

*The higher the level in the spinal cord the 
injury exists, the worse the prognosis. (Of 
course Quadriplegia) 

*Further set of studies has shown that even in 
Spinal cord injury, despite some of the older 
books advocating for steroid infusions, there is 
no role in the current practice for the use of 


steroids. (Steroids awasebenzi kahle kahle la). 


*Finally, it's important to understand the 
difference between neurogenic shock 
(which is real shock as a result of 
vasodilatation with a relative bradycardia) 
compared to an orthopaedic term called 
spinal shock (which is the motor fallout and 
flaccidity as a result of the spinal cord injury). 
*The difference is the one you can reverse 


with intravenous vasoconstrictors (nice), 


Imaging the spine 


Pt has high risk fa 
Well... then you shoulc 


None? 
You may proceed... 


¡Low Risk Factors? | notevenone? 
of the following: Then... 

mple rear-end MVC ae isk! 
layo (Le: net inmediate) they aren't low risk! 
set of neck pain 
tting position in ED 

nbulatory at ANY TIME 

sence of midline C-spine tenderness 


One of the above? 


Excellent... proceed with ROM 


to Rotate Neck actively? 


e. Rotate neck 45 degrees left & right. 


Can't move their n 


- Then... they aren't low 
Great! 


Based on the CCAR... 


Slide 20-Imaging the spine -50 who 
requires spinal immobilization and imaging? 
*Patients with a high-risk injury: 

So 1. Over 65 years of age with a 2.High speed 
or high energy injury and those 3.Who have 
clinical signs and symptoms of sensory or 
neurological fallout = they require radiological 
imaging. 

*Those who come from a low velocity simple 
rear-end crash. They've been sitting down; 
they walk around at the scene; they weren't 
complaining about any pain in their C spine = 
Those can require clinical examination. 

*If they're able to rotate their neck actively, 45 
degrees left and right, as well as up and down 
without any significant pain = Then you can 
avoid radiography. (Nice) 

*Those who are mobile but have no high risk 


injuries can have plain film radiography as a 


Classification of Bony 


a vical 

ee a 
-Low C6-T1 «Complete 
thoracic)[] * Incomplete 


Slide 21-Classification 

*We classify the bony injuries to the C spine as 
high cervicals being the C1 - C5, Low 
cervicals, C6 to T1 (upper thoracic). 

*Thoracic ones, the upper third (T1-3), the 
middle two-thirds or middle half (T4-10) and 
the lower third (T10-12) 


*The lower down the spinal cord, the related 
injury occurs the less fall out there is 

*So the reason a high spinal cord is of 
importance is that it knocks out not only the 
intercostal muscles (which are in innervated 


the thoracic fibres) but it also knocks out the 


diaphragm. (damn ok) 


*The lower cervical spinal injury C6 - T1 are 
important because if they are involved, then 
the upper limbs will have limited function 
and it makes rehabilitation and the use of a 
wheelchair very difficult 

*once the injury is Thoracic and below, 
there is some degree of sparing and the 
recovery and rehabilitation potential is 
much better. 

*Finally, we subdivide these injuries into 


Complete injuries or incomplete injuries 


*Complete injuries = complete spinal cord 
transection |] There is no motor or sensory 
function below the injury, and there's no 
recovery of any significance within the first 
period of time. 

*Incomplete injuries = any injuries where 


there is some sensory or motor or 


Slide 22- CT scan [] Example of a patient 
who presented to hospital with a fracture of 


the C1 area. 


‘Fortunately, Hherelsquite'a lot of space 


Slide 23-CT scan - Far more common injury 


*This gentleman was hang gliding and in the 
berg, and unfortunately lost control and hit the 
mountain 

*As you can see, there is a subluxation 
anteriorly of C4 on C5 with a chip fracture 
and a dislocation of the posterior elements. 
*He was paraplegic from admission with only a 
flicker of movement in the hands, which 
progressed to no movement and no respiratory 


activity within the first hour. 


Slide 24-CT scan 
*Here is another example of a similar injury 
with an anterior subluxation of C4, C5. 


*This is by far the most common injury causing 
spinal cord injury. 


*Importantly, you will notice that the same 
patient also had a second injury at the level of 
T 11, T 12 *And this level is where her 
neurological fallout was, so despite her 
having the injury to C4 & 5 she did not have a 
spinal cord injury at that level, only at the 


lower level. 


Prepar 


www.ap! 
spinalcord 


njury Infographic 
Spinal Cord Injury 


rd Injury Incomplete Spinal Cord Injury Cervical Nerve=: 
| sensory Partial random pretervabion of motor or sensor H : 
ed ime. function below the spinal cord injury. ed ee 
a) 5 
= nd $ = Biceps 
=| = 
D D Wristextensors 
= = Rotates arm 
Triceps 
> | = Bends fingers 
ib rd 
um j m 
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of Incomplete Spinal Cord Injuries 
ndrome | Anterior Cord 5yndrome E aT 
Spread fingers 
Chest muscles 
Abdominal muscles 
Muscles in the back 


sC enca) spina injury Een hepi ered qad jure 


mass or paralysis Below injury lewel, motor paralysis and loss of pain 


iparaplegia). Loss and temperature sensation. Proprioception [position 
hemianosthezsia). sense), touch and vibratory sensation preserved. 
Lumbar Nerves: 
ndrome Central Cord Syndrome Hip muscles 
a Thigh muscles 


Knee Muscles 
Foot muscles 


Sacral Nerves: 
Bladder and bowel 


+ cervical spinal injury Sexual function 


noon preserwad. Results from cervical spinal injuries. Greater motor 
sure, stretch, and impairment in upper body compared to lower body. 
i [position emba). Variable sensory toss below the level of injury. 


ER a | N Impaired Motor Function 
T) | H impaired Sensory Function 
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Slide 25 - Types of spinal cord injury (table)[]Is 
very NB. 

*It shows the difference between total complete 
injuries and incomplete injuries. 

*And it also lists the important 4 incomplete 
spinal cord syndromes, namely: 
*Brown-Sequard syndrome - which we typically 
see after penetrating spinal trauma - 

*Anterior cord syndrome - which carries a 
particularly poor prognosis 

*Posterior cord syndrome - which affects 
sensation and proprioception to a larger extent 
*Unique Central cord syndrome - commonly seen 
in Older patients where they have an extension 
injury to their neck - they trip and fall and expend 
their neck, leading to a pinch off of the anterior 
spinal artery with an ischemic central cord. The 
signs and symptoms are very important here in 
that: MOTOR IMPAIRMENT of the upper limbs is 
worse than the fallout of the motor function of the 


lower limbs. 


Management 


ABC -blocks and elther scoop or bo: 
PAD THE BOARD - AVOID PRESSURE SO 
Prevent undue movement 
If bony injury and no fall-out in particule 
If already fall-out often too late: Neuros 
No steroids as routine (very limited 
role) Adrenaline infusion if neuroge 


SNOCK (vasoconstrictor which is adrenaline). 
Don't overdo the fluid 


Slide 26-Management 

*Moving onto management, the ABCs for spinal 
injury are essentially the same as for traumatic 
brain injury. 

*The problem here is you have a patient who is 
insensate (lacking physical sensation). 

*So please make sure that if you are moving these 
patients on a spine board that you provide padding 
to avoid pressure sores [] pressure sores with as 
little as 20 to 30 minutes of lying on a spine board. 
*Obviously, you do not want to have undue 
movement because an unstable bony injury without 


cord injury should not be allowed to deteriorate. 


*This group, where they have a reducible 
hemi-subluxation or a partial injury may 
benefit from steroids. (Steroids only for Partial 
injury/ reducible hemisubluxation) But overall, 
the use of steroids is associated with a higher 
septic mortality and therefore should be 


avoided. 


*If the patient is in neurogenic shock, you 
place them on a vasoconstrictor, ionotropic 
infusion such as low dose adrenaline infusion. 
This reverses the vasodilatation from the 
fallout due to the autonomic dysfunction [] do 
not overdo the use of fluid 

*Your definitive diagnosis of spinal cord injury 
requires an MRI. 

*And for this, the patient needs to be stable 


before they can undergo this because 


te Mmme = a e = | = À xT "Tè T 


Slide 27-imaging - MRI of that gentleman 
with the hang-glider crash. 


*Blue arrow: there is a complete transection of 
the spinal cord at the level of C3/4. 
*Unfortunately, he became progressively more 
quadriplegic, was unable to breathe on his own 
but he expressed to us his desire to not 
undergo futile therapies 

*We did comply with his wishes as he was fully 
COMPOS MENTIS (full control of one's mind) 
*And therefore in terms of his right on 
autonomy, he was allowed to die with dignity, 
with sufficient analgesia and sedation. 


Rehabilitation 


Incomplete and lower levels do 


better Prognosis poor for: 
High cervical (no home 
ventilation) Anterior cord 
3 syndrome 
Common reasons for re- 
admission: Pneumonia 
UTI Pressure sores 


Autonomic dysreflexia: high fevers 
and septic 


Slide 28-Rehabilitation 

*For those who survive, the lower the lesion, and 
the patients who present with incomplete lesions, 
particularly E.G Brown-Sequard lesions, have a 
better prognosis. (Lower and Incomplete= better) 
*Those with high cervical injuries or anterior cord 
syndrome do worse. 

*Keep in mind that there's no home ventilators 
available in the public sector & these patients that 
cannot come off the ventilator will at some point 
develop pneumonia is pressure sores and die a 
very uncomfortable septic death. 

*The common reasons for re-admission in patients 
with spinal cord injuries are pneumonias, UTIs & 
pressure sores. 

*And there is one additional condition that 
everyone needs to be aware of called 
AUTONOMIC DYSREFLEXIA, these are patients 
with a spinal cord injury who have some minor 
physiological insult and it triggers periods of high 
fevers - Septic pictures with hypertension 
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